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FOREWORD 

This  report  was  prepared  by  Nr.  Hade  T.  Hunt  (AFWAL/AAAO)  of  the 
System  Avionics  Division  of  the  Avionics  Laboratory,  under  Project  1227, 
"Communication  Systems  Concepts  and  Technology."  The  work  was  done  to 
demonstrate  the  value  of  being  able  to  simulate  satellite  coimnunlcatlon 
links  In  a  controlled  laboratory  environment  such  as  CSEL.  The  simula¬ 
tion  can  be  repeated  many  times  which  cannot  be  done  In  flight  testing 
In  a  cost  effective  manner. 

The  help  and  suggestions  by  Mr.  Allen  L.  Johnson  In  writing  and 
organizing  the  text  Is  greatly  appreciated.  Also,  the  help  of  Nr.  Arnold 
Felneman,  Nr.  William  Jardlne,  Nr.  Steve  Thompson  and  Ms.  Susan  Pfaad, 
all  formerly  with  Systems  Research  Laboratory  (SRL),  and  Mr.  James  T.  Zurn 
(TRW)  In  making  the  measurements  Is  greatly  appreciated. 


SRL  has  a  contract  for  service  and  maintenance  of  the  CSEL  facility 
and  TRW  has  a  service  contract  for  service  and  maintenance  of  the  modem. 
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SECTION  I 
INTRODUCTION 

Amplitude  fluctuations  believed  to  be  caused  by  variations  In  Iono¬ 
spheric  structure  are  termed  scintillation  fading.  It  Is  dependent  on 
radio  frequency,  geographic  position,  and  geomagnetic  conditions. 

Since  scintillation  fading  characteristics  change  rapidly.  It  Is  very 
difficult  to  determine  the  long  term  effects  of  Ionospheric  scintillation 
fading  on  a  particular  modulatlon/codlng  scheme.  In  order  to  measure  the 
effects  of  scintillation  fading  on  bit-error-rate  or  acquisition  time  It 
Is  necessary  to  have  a  consistent  type  of  scintillation  fading  pattern  for 
a  long  enough  period  of  time  to  get  an  adequate  data  sample. 

Because  the  acquisition  time  of  modems  may  take  from  one  to  five 
minutes,  It  would  be  necessary  to  have  scintillation  fading  characteristics 
to  remain  constant  for  a  period  of  four  to  eight  hours  In  order  that  a  good 
sample  might  be  obtained. 

The  alternative  Is  to  record  the  UHF  signal  level  of  the  scintillation 
fading  and  use  the  recording  to  vary  the  signal  level  of  a  signal  simulator. 
This  would  allow  reproduction  of  short,  consistent  segments  of  fading  over 
and  over  again  In  order  to  get  sufficient  sample  size. 
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SECTION  II 
TEST  PROCEDURE 

The  Avionics  Laboratory  Communication  Systems  Evaluation  Laboratory 
(CSEL)  Is  equipped  with  a  Lincoln  Experimental  Satellite  number  8  &  9  (LES 
8/9)  satellite  simulator*  Figure  1,  which  can  generate  a  UHF  downlink  signal 
with  the  LES  8/9  modulation.  The  downlink  signal  Is  a  660  bit  encoded 
message  at  150  bps  data  rate.  The  MD  1004  UHF  modem  decodes  the  message 
and  outputs  a  40  character,  75  bps  teletype  message  (Reference  1).  A 
drawing  of  the  test  setup  for  the  scintillation  fading  simulator  Is  shown 
In  Figure  2. 

For  the  forward  link  simulation  the  concept  Is  to  generate  a  forward 
link  message  In  the  LES  8/9  simulator  and  then  attenuate  the  output  using 
a  digitally  controlled  pin  diode  attenuator  driven  by  a  reproduction  of 
the  UHF  scintillation  fade  signal  level.  The  660  bit  encoded/interleaved 
forward  link  message  Is  repetitively  sent  from  the  LES  8/9  simulator  to 
a  Spectrum  and  Interference  Generator  (SIG)  (Figure  3).  In  the  SIG,  the 
signal  Is  down-converted  to  560  MHZ  and  attenuated  with  a  pin  diode 
attenuator.  The  scintillation  Information  Is  originally  recorded  on  a 
14  channel  analogue  magnetic  tape  recorded  during  a  flight  test  typically 
to  the  polar  or  equatorial  region.  Ten  minute  samples  of  the  data  are 
selected  In  order  to  give  a  representation  of  rapid,  medium,  or  very  slow 
scintillation  fading  as  shown  In  Figure  4  (Reference  2).  The  data  Is 
transcribed  from  the  tape  recorder  and  stored  on  a  disk  pack  and  fed  Into 
a  PDP-11  computer.  The  PDP-11  computer  derives  the  necessary  output 
voltage  to  operate  the  pin  diode  attenuator  and  reproduce  the  scintilla¬ 
tion  fading.  After  the  pin  diode  attenuator,  the  signal  Is  mixed  down  to 
the  UHF  frequency  and  output.  The  output  signal  Is  fed  Into  the  Rooftop 
Facility  (Figure  5),  and  then  through  a  manual  attenuator  to  adjust  the 
absolute  signal  level.  Then  the  signal  Is  fed  to  a  UHF  transceiver  In 
the  Rooftop  Facility.  The  UHF  transceiver  dehops  the  frequency  hopped 
signal  and  down  converts  It  to  a  70  MHZ  IF  where  It  Is  fed  to  the  UHF 
modem  (Figure  6).  The  modem  completes  the  dehop  procedure,  deinterleaves. 
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decodes,  and  prints  out  the  teletype  message.  The  40  character  teletype 
message  used  In  the  simulation  Is  "SCINTILLATION  FAOING  SIMULATION  AFAL 
AAD".  The  decoder  generates  a  link  quality  Indication  which  Identifies 
the  number  of  channel  errors  corrected  by  the  decoder.  The  link  quality 
Is  a  measure  of  the  channel  error  rate  prior  to  decoding.  The  link 
quality  Is  available  visibly  on  a  LED  display  and  can  be  recorded  on 
magnetic  tape  for  later  analysis. 

The  Programmable  Signal  Processor  (PSP),  Figure  7,  which  Is  used  to 
simulate  the  LES  8/9  satellite  configuration,  was  set  to  generate  a  700 
MHZ  IF  signal  that  is  converted  to  560  MHZ  with  the  frequency  converter 
in  the  Spectrum  and  Interference  Generator  (SIG).  The  560  MHZ  signal 
Is  converted  to  L  Band  In  the  SIG  and  then  converted  to  the  UHF  frequency 
of  242  MHZ  In  the  signal  combiner.  The  output  (242  MHZ)  from  the  signal 
combiner  Is  sent  to  the  Rooftop  by  coaxial  cable  where  the  signal  Is 
attenuated  to  a  level  of  -120  dBm  for  reference.  The  UHF  signal  Is 
converted  to  70  MHZ  by  the  radio  and  fed  Into  the  single  modem.  At  a 
level  of  -120  dBm,  signals  from  the  single  modem  are  received  error  free. 
Figure  8  Is  a  sample  of  an  error  free  copy  of  the  received  message.  The 
signal  was  then  reduced  In  3dB  steps  and  the  link  quality  was  recorded 
at  each  3dB  step  until  the  modem  lost  lock.  Figure  9  is  a  sample  copy 
of  a  message  containing  errors.  A  curve  for  simulation  under  nonfading 
conditions  Is  shown  In  Figure  10. 

Fading  was  then  added  to  the  signal  using  a  10  minute  sample  of 
scintillation  fading  signals  (taken  during  the  17  March  1977  flight  test). 
Figure  11,  which  drives  a  digitally  variable  attenuator  to  cause  the 
output  UHF  signal  to  vary  In  accordance  with  scintillation  fading  rate 
and  depth.  When  set  up  for  the  fading  condition,  the  signal  level  Into 
the  single  modem  was  set  at  a  -107  dBm  level. 

The  fading  data  used  Is  a  10  minute  sample  of  medium  rate  fading 
(periods  of  2  to  5  seconds).  The  data  (amplitude  variations)  was  digi¬ 
tized  by  the  4950th  Test  Wing  data  reduction  facility  on  a  7- track 
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digital  tape  at  a  sample  rate  of  20  samples  per  second.  The  tape  Is  then 
converted  to  a  9-track  digital  tape  which  Is  compatible  with  the  CSEL  tape 
playback  equipment.  The  9-track  tape  Is  used  to  load  the  disk  memory  In 
CSEL.  The  fade  duration  used  In  the  simulation  lasts  for  approximately 
10  minutes.  The  disk  Information  Is  used  by  the  POP  11/50  computer  to 
generate  the  analog  voltages  to  drive  the  pin  diode  variable  attenuator 
In  CSEL  In  one  dB  steps.  This  10  minute  sample  of  data  Is  shown  In  Figure 
12. 


The  link  quality  Is  measured  for  a  -107  dBm  signal  level  after  which 
the  signal  level  to  the  modem  Is  reduced  In  3dB  steps  and  measurements  are 
made  until  the  power  Is  reduced  to  a  level  where  the  single  modem  cannot 
maintain  lock.  Figure  13  Is  a  curve  of  simulation  with  fading  added  to 
the  signal  (Reference  3).  The  link  quality  numbers  on  the  graphs  of  Fig¬ 
ures  10  and  13  are  generated  by  counting  the  Information  bit  and  parity 
bit  errors.  This  count  Is  used  as  a  "quality"  Indicator  for  the  communi¬ 
cation  link.  A  count  of  00  Indicates  no  errors  and  a  large  number  Indi¬ 
cates  many  errors.  The  maximum  number  that  can  be  displayed  Is  77  octal 
which  equals  63  decimal. 

Due  to  the  steepness  of  the  Bit  Error  Rate  (BER)  curve  as  the  signal 
level  Is  decreased  (attenuation  Increased),  the  link  quality  curve  changes 
from  a  convex  shape  to  a  concave  shape  as  the  BER  threshold  Is  reached 
(around  37  dB  attenuation  on  Figure  10  and  around  30  dB  attenuation  on 
Figure  13). 


Figure  4  Is  a  plot  of  the  Forward  Link  percent  Message  Copy  for  both 
fading  and  non- fading  conditions  (Reference  3).  Curves  of  actual  data 
taken  during  a  flight  test  during  March  1979  are  shown  for  comparison 
(Reference  5). 

The  signal  acquisition  test  consisted  of  setting  up  an  unfading  sig¬ 
nal  level  and  measuring  acquisition  time.  The  Initial  reference  level 
was  set  at  -107  dBm.  Next,  the  signal  level  was  reduced  in  3dB  steps 
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until  the  acquisition  time  became  extremely  long  and  finally  the  UHF 
modem  was  unable  to  maintain  a  lock  to  the  signal.  The  signal  was  then 
set  to  its  nominal  level  of  -107  dBm  and  fading  was  added  to  the  signal. 
The  process  was  repeated  by  reducing  the  signal  level  In  3dB  steps  until 
no  acquisition  occurred.  Figure  15  Is  a  plot  of  the  results.  Also, 
tests  were  conducted  with  a  fixed  level  of  -124  dBm  and  samples  of  data 
under  non-fading  and  fading  conditions  were  taken.  A  range  of  acquisi¬ 
tion  times  was  determined  for  both  the  fading  and  non-fading  situations. 
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SECTION  III 
TEST  RESULTS 

Using  the  UHF  scintillation  fading  simulator  a  variety  of  output 
data  Is  obtained.  For  the  forward  link  measurements  the  curves  of  the 
channel  error  rate,  as  Indicated  by  the  link  quality  Indicator,  are  shown 
In  Figures  10  and  13.  Figure  10  Is  a  baseline  curve  without  fading  and 
Figure  13  Is  a  curve  showing  the  effects  of  the  simulated  scintillation 
fading.  A  curve  of  the  percent  error- free  messages  received  versus 
average  signal  level  Is  shown  In  Figure  14.  This  curve  Indicated  the 
difference  between  no  fading  and  scintillation  fading.  A  plot  of  actual 
flight  data  Is  also  Included  on  this  curve. 

Figure  15  Is  a  curve  of  the  acquisition  time  for  a  particular  UHF 
modem  at  a  nominal  signal  level  with  and  without  fading. 


Acquisition  times  varied  from  17  seconds  to  58  seconds  with  no  fad¬ 
ing  on  the  signal.  The  mean  for  the  sample  was  30  seconds.  With  fading 
on  the  signal,  acquisition  time  varied  from  18  seconds  to  358  seconds. 

The  mean  was  57  seconds.  A  frequency  distribution  for  both  the  fading 
and  non- fading  conditions  are  shown  In  Figures  16  and  17.  Figures  18 
and  19  are  also  plots  of  acquisition  time  statistics  Indicated  (Reference 
4). 
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SECTION  IV 
CONCLUSIONS 

In  order  to  validate  the  simulation,  a  comparison  was  made  between 
actual  bit-error-rate  and  channel  quality  (link  quality)  data  taken  during 
the  equatorial  scintillation  testing  and  during  the  simulation  period. 

In  Figure  14  a  dashed  curve,  derived  from  actual  data  taken  In  equatorial 
tests  Is  superimposed  on  the  simulation  data.  The  accuracy  with  which 
the  simulated  data  reproduces  the  actual  data  Is  very  close.  A  baseline 
was  established  and  measurements  were  made  using  a  sample  with  medium 
scintillation.  The  acquisition  time  data  seems  reasonable  for  medium 
rate  scintillation.  Future  testing  will  Involve  slow  and  fast  scintilla¬ 
tion  as  well  as  more  testing  on  medium  scintillation.  The  results  are 
for  the  simulation  of  amplitude  effects  of  the  scintillation  only.  A 
phase  measurement  capability  has  been  Installed  In  CSEL  where  multipath 
effects  as  well  as  amplitude  effects  may  be  evaluated. 
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SIGNAL  INTERFERENCE  GENERATOR 


Figure  2.  Forward  Link  Scintillation  Fading  Simulation 
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Figure  5.  Rooftop  Facility 


Figure  6.  UHF  Modem 
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SC  I  NT  I  LLFlT  I  Of  I  FADING 
SCINTILLRTIOH  FHDING 
SC  I  NT  I  LLFlT  1 01 1  FRD  I NG 
SCINTtLLRTIGi  I  FHDING 
SCI  NT  I  LLFlT  I  ON  Ff  ID  i  NG 
SC  I  NT  I  LLfiT  1  ON  FF0 1  f  IG 
SC  I  NT  I  LLFlT  I  ON  FRD  1 1  IG 
SC  I  NT  i  LLFlT  1 01 1  F  FlD  I  NG 
SC:  1  NT  I  L  LFlT  I  ON  FRD  1 UG 
SCI NT I LLfiT I ON  FRD I NG 
SC  INTI  LLFIT  I  ON  FRD  1 1  IG 
SC I NT I LLfiT I ON  FRD IMG 
SC  I  NT  I  LLfiT  I  Oi  l  FRD  I  NG 
scum  LLfiT  ION  FfiDItiG 
SC I NT 1 LLfiT I ON  FRD I NG 
SC  INTI  LLFiT  I  ON  !  TO  I  NG 
SC  i  NT  I LLFlT  I  ON  FRD  1 1  IG 
SC  1  NT  I  LLFlT  I  ON  FRD  I  NG 
SC  .1  NT  I  LLfiT  I  ON  FT-lD  I  NG 
SC I NT I LLfiT I ON  FfiD I NG 
SC 1 NT I LLfiT I ON  FRD I NG 
SC I NT I LLfiT J ON  FfiD I NG 
SC INTI LLfiT 1 ON  FfiD I NG 
SC  I  NT  i  LLFlT  I  Of  I  FRD  I  f  IG 
SCI NT I LLfiT I ON  FRDING 
SC  I  NT  I  LLFlT  I  ON  FfiD  I  NG 
SO  H  IT  !  LLfiT  I  ON  FRD  I  NG 
SCINTILLRTIOH  FfiD! NG 
SC  3.  NT  I  LLfiT  1 0!  I  FRD  I  NG 
SC  I  NT  I  LLFlT  1  ON  FRD  I  NG 
SC  i  NT!  LLFlT  ION  FADING 
SC  I  NT  I  LLFlT  ION  FRDING 
SC  I  NT  I  LLfiT  i  ON  FfiD  1 1  IG 
SCINTILLATION  FRDING 
SCINTILLRTIOH  FRDING 
SCINTILLRTIOH  FRDING 
SC I NT i LLfiT I OH  FfiD I NG 
SC INTI LLfiT I OH  FfiD I NG 
SCt  I  IT  I  LLFlT  I  ON  FRDING 
SC  i  NT  3  LLF:T  1  ON  FfiD  I  NG 
SC  I  NT  I  LLFlT  l  ON  FfiD  1 1  IG 
SCINTILLRTIOH  FfiD I MG 
SC  I  NT  7 LLFlT  1 01 1  FfiD  IMG 
SC  H  IT  I  LLfiT  I  ON  FfGING 
SC  i  NT  I  LLfiT  I  ON  HIDING 


SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATIOi  I 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
SIMULATION 
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Figure  8.  Error*  Free  TTY  Message  Copy 
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CINTIlI.Io  JYUi  I- 'HID  Ml;  GIPIULRYTOH  RFRLHHJj 

■ciiirxLUiTiuM  frdinc  simulation  hffilhioj 

•'•CHIT  lLL>i".  Kill  f-  Hill  Hi  i  f  IMULHTIOli  RFRLHRDJ 
. ■.JiMTluUiTi'jM  Ff ID  1  MG  01HUI..HT10M  RF'RLRl  iIU 

•ciifnLLrn  tori  fading  simulation  rf rlrf  itu 

•  Cl  I  IT1LLH  VlOli  fruirib  SIMULATION  RFTiLHFOJ 
s  UlTYLLiiTKiH  FADING  SIMULATION.  RFHlJirOJ 
TO  HT ILLATION  I'TUlING  •CtHUL.HTiOH  HFl'iLFiRlU 

•'€11  ST  ILLATION  I  HD IMG  SIMULATION  RFALNHJj 
Cl NT ILL ATI  OH  RUING  SIMULATION  hFALHIDJ 
CItITIU.nTlOM  FTOTMC  SIMULA  11  OH  HFALhHJJ 
•>Ull  iriLLH  I'lUH  FADING  SIMULATION  FiFmLHhD.I 
CiHT ILLATION  FloGHC  SIMULATION  AFhLHt iDJ 
CJHTILLlfi  ION  P'HJINC  SI  HULATiOH  AFALAlOJ 

••••c  cmtillht  i oh  n ding  sthulftioi 1  afalaaiu 

■C  I MT 1  LLl  lY  l  HI  I  FiO  1 HG  S  •  I  SMI  1  11  i  Ml  \  AF  ALHATU 
•'■i.. i  1  IT i L! J-iT  l ON  Fi  U i  MG  G  1 MULRT I AH  MF  l  ILHI  iI*  J 
fLLlYiYUh  FHli  i  NG  G  l  MULRT 1 OH  AFALARD J 
T  li  IT  ITiKYlOi l  RUING  V;  MULRT ION  RFfiLARDJ 

•  cjj  it  illation  fair no  g ! mulation  hfalamiu 

C  i  I  IT  x  L  LH'i  1  Of  I  !  TO  1 1 1C  Y  \  IIULYf!  1 UH  Rf  HLFlRLU 

•  OIi  FTLLl  tTluH  FADING  SlWULAT1.ni  i  HI  YlLRRIU 
i.  Ill  i  ILLATION  HO  IMG  SIMULATION  fiF  ALARY  J 

•  L  i  I  fi'ILLRT  1 01 1  FADING  SIMULATION  OFTiL.I  if  ilU 
C1HTILLA1  I  OH  RlJlIiG  T.  T  MULiiT  i  01  i  hFALRflJLi 
•L  lihUiLLH'  Li.r  !  i  i  !.J  iHY 1  MEULMMAf  I  RF  l  lLHHTC 

•  c  i  rm  'Dr  i  nr  i*.n  i  dad  i  i  nom  iclat  i  *m  nr  nun  rj 

1  MTiLL  i  rr  1  Of  I  Ft  iDli  IL  Y  U’lULl  iT  tun  i  If  YlU  If  C.i.J 
'  r  !l  >  IT  I  ON :  F  HU  t  AC  i  Fif  JLFiT  1 01 1  AFALAAIU 
‘  rjF’  j  LLl  l  f  j  UH  i  Y  I J 1 1 10  Y  *  MULmT  j  01  f  i  iFhLAAD  1 

•  €  1 )  F  i  LL.H";  iL'H  RlOiltG  Y  MUUYYl OH  AFALAfO  .1 
G€  i  i  I  l  i  LU  O' ‘  i  01 1  FoO  1 1 1G  :• .  ’  MULKf  i.  A!  I  Hi  I  iLf  ii 

Yi  ,10  LLl  JT 1  Of  I  i  YU  i  1 10  : ..  i.  i  n  U  i  Fi  1  *  M  i  liFHLH!  iD  J 

Youif  lLhOloii  no'ii  ic  ci h». >un  ton  hfalai'  cu 

•-CS0Y1LL.I  iTl  Ut  ’  F  MYti  i  . 

CO  1  i  €’  i  tOYi  I  Of  I  FRO  I  HO  Y  i.  HOLmR.i  .  R  |  m  ILFjRj  » J 

•  /  - 1 r  I  f  1  LLut ji  iUiiYv*  ■  Q  !  r  >•  j  C 1 MULHY  l  Of  f  HR  iLJ  iH'  i  J 
Y€.  i  i  Vi’ V L.U  \  •;  i CH  \  FV R 1 1 IG  o  i HULRT  1 01  \  \  W  S  iLV i K 1 . 1 
'X  JIT  ILL!  IT  LUll  FT  ID  IMG  YiRULRYVOif  RFC  iL.l « »D  j 
Yi  i  i  NYV'JOuT  t  kI  I  FilR0‘H0  C  [  |*ll  H.HT1  OH  iiLRI  .HRDI I 
YC i  HTlLLR’nOH  FflJlf  IG  SIHULRTIOf  i  HP  HLHHIU 
Im  - ifitjin ,, 

i  ll  .uMf  II:  J J-f#“ : LY'  Id . ;L.F  uY._-  .  \  J bY'  :Y0.L; . 

YO  i  I  i 1  L1..I  i  f  1  OH  F  nil  I  f  1C  r:  i  HULYT 1  Itf  iFT fLHHD.  J 
‘.XiH  O  LLH  i  lOf!  RiNlMC  '  * -»  ULMrU  lf  i  RF YlLHIilL.i 
CY  Yl.  JL:  ;i  iYYi.il ;  T  PUH  CHilUL 
OClHTJLUiTiON  riilUHC  C1NULRT10M  RFRLHHIU 
r  iHYTLLfiTlOH  FHDINC  CIMULRTJOH  RFRLRRDJ 
YO  j.  HLt  1LLRT 1  Of  ff  -HOJ  IHCCGI  IHUL.RT^HN  HFHLMhD J 

•  Ml  IHTPLjI  ITC»i,r  -JGRDczF  YL  IJH'.  OH  df  RLHHDP. 
sCiHT ILHHT10N  PTlDlHG  YFLwLRTINm  RFR> 1HC 

•  o THTILLliTlOH  FTTDINC  olMULflTIMM  RFRLRRYU 

•  COLTILLRITON  FTlDIHF  Y  t NULOT 1  ON  RFFlUTFCU 
•Cl NT  iLLFlTIOM  FRIUNC  CINULATION  RFRLFlhDJ 
CHiY  ILLFlTiOl  I  FRYING  YTMULRTIOII  l:lFRLj"lRIiJ 

•  €  lUTILLH V  ION  n-UIl  SCixZiWULHTIOS  1  RF OLHRDJ 
IT.  J.  f  IT  i  LOl.i  ‘  i  f;  ri  1  ‘  H  J  t  JO  CRRUlJl  .  :uP  f  RFHU'  UY.O 

LI i  LULliY  lull  FRDXHG  CINULRTION  RFRUitDJ 
•:€’HriLUTT10H  FHHIMG  SIMHLRTION  RFlTLllFirU 
bOLTiLlhTtOM  FRDIUG  YIHOLRTIOH  RFftl  RRDJ 
Co  iNT  ILLFlTId  I  FRIHIIG  YlfH  ILHT10H  HFRLHRIU 
•€1m’  JLLMTIOH  FRUIMC  CRHMLhTION  hI  RLRRIU 
CO  I  i  IT  T  LLl  IT  1  ON  FlW  INC  SIMULATION  RFRLRRIU 

oniriu.funHOH  friu.g  sihugction  hfhlrriu 
•CIHTILLFITkGU  FFiIUNG  simulrtton  rp  rlhrdj 
J.iM|TlLfc^TiON  f Vising  SlMULRIluN  fiFHLHRIU 

•  CiNTlLL.HTiUN  FRD INC  YIMULRl  TON*  HFRUTOJ 

Figure  9.  Message  Containing  Errors 
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Figure  17.  UHF  Modem  Acquisition  Time 
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